Mutation in the CPC motif-containing 6th transmembrane domain affects intracellular localization, trafficking and copper transport efficiency of ATP7A protein in mosaic mutant mice--an animal model of Menkes disease.
Copper is an essential micronutrient for all living organisms. ATP7A protein is a copper-transporting ATPase which plays a vital role in the maintenance of cellular copper homeostasis in mammals. This protein is retained within the trans-Golgi network, but after binding copper it can be translocated to the cell membrane to participate in the efflux of excess Cu. Mutation of the ATP7A gene in humans results in the severe neurodegenerative disorder, Menkes disease. The mouse ATP7A homolog encodes a protein that plays the same role in copper transport. Mosaic mutant mice display a lethal phenotype which resembles Menkes disease, although the underlying molecular defect has not been characterized until now. In the present study we identified a G to C nucleotide exchange in exon 15 of the Atp7a gene in mosaic mutants, which resulted in an arginine to proline substitution in the highly conserved 6th transmembrane domain of the ATP7A protein. This mutated protein was mislocalized in kidney cells isolated from mosaic mutant mice, and following exposure of these cells to increased copper concentrations it was not translocated to the plasma membrane. Disturbance of ATP7A function in mosaic mice results in increased copper accumulation in the small intestine and kidneys, and in Cu deficiency in the brain, liver and heart. Mouse models of Menkes disease belong to the mottled mutant group. The mosaic mutant represents another interesting animal model for Menkes disease that will be of value in research on copper metabolism and transport in mammals.